Notch signalling is best known for its role in lateral inhibition, where it acts to prevent differentiation of cells neighbouring one that has 'won out' in a competition to differentiate. Recent results suggest that Notch signalling can work in the opposite way, and promote differentiation of the receiving cells.
Many of the studies of the Notch pathway in Drosophila, such as those that established the role of Notch in lateral inhibition and in boundary definition (Figure 1 ), focused on the differentiation of the neuroepithelium and the imaginal discs. During lateral inhibition, which is used in formation of the nervous system, cells expressing high levels of a Notch ligand embark on the neural differentiation pathway and activate Notch signalling in their neighbours, thereby preventing them from adopting the same fate [2] . During boundary definition, clusters of cells express one or the other of the Notch ligands, and activation of the pathway occurs in the cells at the outer borders of these clusters; this activation drives the border cells to follow a specific differentiation program which leads to the formation of a boundary [3] . Such a situation is observed, for example, during the establishment of the dorsoventral boundary in the wing imaginal disc.
In vertebrates, the epidermis is mostly composed of keratinocytes, which derive from clusters of stem cells located in the basal epidermal layer. These cells are characterized by their self-renewal capacity and by a high level of β1 integrin expression. The stem cells generate daughter cells, which form an amplifying population of cells which divide a few times and then undergo terminal differentiation. During differentiation, the keratinocytes reach progressively more external layers, where they become anucleate and are finally shed from the skin. It has been shown that, as in fly, components of the Notch pathway are expressed during differentiation of the epidermis [4, 5] .
In a paper recently published in Current Biology, Lowell et al. [6] report intriguing findings about the function of Notch signalling in the developing human epidermis. In this tissue, Delta1 is strongly expressed in clusters of cells located at the tip of the dermal papillae which co-localize with the keratinocyte stem cells. In contrast, Notch expression is detected throughout differentiation of the keratinocytes. To study the role of Notch activation in this differentiation process, Lowell et al. [6] used a defective retrovirus to force expression of Delta1 or Delta T -a dominant-negative version of Delta1 with the intracellular domain deleted -in primary keratinocytes dissociated from human skin. Although Delta1 is endogenously produced in stem cells, retroviral expression greatly increased the Delta1 protein level in these cells. The effect of this overexpression was followed by counting the number of colonies formed after seeding the infected keratinocytes at clonal density on a feeder layer of fibroblasts. In this assay, stem cells endowed with self-renewal ability form large colonies after 15 days. This colony count provides a measure of the number of stem cells in the infected keratinocyte population. Surprisingly, forcing the keratinocytes to overexpress wildtype Delta1 did not have any obvious effect on the colonyforming ability of these cells compared to non-infected wild-type cells. Whereas Notch signalling has been implicated in some systems in the control of cell proliferation, in this case no modification of the proliferation kinetics was seen in the infected cells [1] . Lowell et al. [6] then repeated the experiment by culturing the keratinocytes on a layer of fibroblasts overexpressing the Delta1 ligand, thus now exposing the keratinocytes to Delta1 signalling in trans. In this context, the proliferative capacity of the stem cells was found to be severely hampered, as shown by the drastic reduction in the number of colonies after 15 days of culture. To activate Notch in the keratinocytes, the Delta1 ligand thus has to be provided in trans -that is, on different cells from those expressing the Notch receptor.
To characterize further the role of the Delta1 signal in keratinocyte differentiation, Lowell et al. [6] performed mixing experiments conceptually similar to the fly mosaic analyses that proved so helpful in deciphering the Notch signalling cascade. In a first series of experiments, they confronted keratinocytes marked with the green fluorescent protein (GFP) with Delta1-expressing keratinocytes. When these cultures were examined after two weeks, no GFP-positive colonies were observed. This suggests that the stem cells differentiated in response to Notch activation, resulting in a loss of GFP clones. This surprising observation was confirmed by fluorescence-activated cell sorting (FACS) analysis of the cultured keratinocytes, which demonstrated an increase in the number of cells expressing involucrin, a protein marker characteristic of terminally differentiated keratinocytes. In a second series of experiments, GFP-labelled keratinocytes expressing Delta1 or the dominant-negative form Delta T were mixed with unlabelled Delta1-expressing keratinocytes. In neither case was any effect on the percentage of GFPlabelled stem cell clones observed, compared with mixed cultures of wild-type keratinocytes. This suggests that, in this assay at least, Delta1 expression can cell-autonomously block Notch activation in the expressing cells.
Altogether, these results led Lowell et al. [6] to propose that, in human skin, Delta1 expression in clusters of stem cells may be responsible for blocking Notch activation cell-autonomously, thereby preventing these cells from differentiating. Thus, differentiation would only occur at the boundary of the Delta1-expressing cluster where cells which do not express Delta1 are exposed to the signal. This induction, mediated by Notch activation, would lead the cells to enter the transitory amplifying cell compartment in which they undergo a few rounds of cell division and then differentiate. This hypothesis is at odds with the classical role attributed to Notch, in which it maintains the cells in an immature state and by extension acts to maintain a pool of proliferating stem cells [7] .
The results reported by Lowell et al. [6] provide further corroboration of the emerging notion that the final output of Notch signalling depends on just how the ligands are expressed. In many instances during vertebrate development, such as in the case of the dermis or the somites, Notch ligands are expressed in clusters of cells similar to those of the keratinocyte stem cells seen in the epidermis [8] [9] [10] . It will be extremely interesting to test whether the model proposed by Lowell and colleagues holds true in these other systems.
In Drosophila and vertebrates, Delta signalling has been shown to result in different effects, depending on whether it interacts in cis or in trans with the target cell. In many cases, natural or forced widespread expression of the Notch ligands in a field of Notch-expressing cells was not found to result in Notch activation in the expressing cells. The suggestion that Notch and Delta on the same cell undergo functionally important cis interactions was originally based on the results of mosaic analyses in Drosophila of the effect of a Notch gain-of-function mutation Abruptex [11] . These results led Heitzler and Simpson [11] to propose that Notch and Delta on the surface of the same cell can interact, resulting in a diminished availability of the ligand to signal to neighbouring cells. Another 
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example of such a cis interaction has been observed in the fly wing disc, where the ventral and dorsal compartments uniformly express Delta and Serrate, respectively. In this case, Notch was found not to be activated in the Delta-or Serrate-expressing cells, despite the fact that they all express Notch. In clones of cells lacking the Notch ligands, activation of downstream targets, such as the cut gene, was seen, implying Notch can be activated in these cells, but is normally prevented from doing so by the high levels of ligand on the same cell [12] .
In vertebrates, such an effect is also seen during neurite outgrowth in neurons and in neuroblastoma cells [13, 14] . In N2a neuroblastoma cells [14] , activation of the Notch pathway by overexpression of the intracellular domain of Notch was found to result in the formation of shorter neurites, compared to non-transfected cells. A similar effect was seen when N2a cells were cultured on a monolayer of cells overexpressing Delta1, presumably resulting from Notch activation in the N2a cells. But when the N2a cells themselves were made to overexpress Delta1, then the reverse phenotype was observed -the production of longer and more branched neurites. These observations are strikingly similar to those of Lowell et al. [6] , in that the only configuration in which the Notch receptor is activated is when the non-Delta1-expressing cells are confronted, in trans, with Delta1-expressing cells.
It is often assumed that the important parameter in this system is the ratio of Notch and Delta molecules on the cell. Thus, if Notch molecules are in limiting amount, overexpressing Delta will render them unavailable for signalling by a cis-interaction mechanism. This cis-interaction between Notch and Delta does not result in Notch activation and can be considered as blocking the function of the receptor. But experiments carried out by my colleagues and me [15] in a vertebrate system argue against this interpretation. We used a retroviral vector to overexpress c-Delta1 in the developing chick retina at a high level, very likely greater than the level of Notch in the infected cells. Nevertheless, we found that under these conditions a strong phenotype was produced in the retina, involving widespread activation of Notch, unlike the situation in keratinocytes [6] and N2A cells [14] where the phenotype involves blockade of Notch activation. This suggests that, depending on the cellular context, Delta overexpression can result in the cell-autonomous activation or inhibition of Notch signalling. We have, at present, no clue as to how this Delta-mediated inhibition of Notch signalling is produced at the molecular level.
The work of Lowell et al. [6] has also revived a line of thought developed in the early nineties, which proposed that Notch and its ligands could act as cell-cell adhesion molecules and thereby maintain tissue integrity. Classical adhesion assays involving S2 cells have established that cells overexpressing Delta aggregate in the presence of calcium ions [16] . Similar assays were also used to demonstrate an adhesive interaction between Notch and its ligands [17] . In vivo observations in the fly by Hartenstein and colleagues [18] , which may be relevant to this idea, pointed out the fact that in many developing systems, Notch activity was associated with the maintenance of epithelial structures. This is the case, for instance, in the central nervous system, where neuroblasts in which Notch signalling is blocked leave the surface epithelium by delamination whereas the cells in which Notch is activated remain epithelial.
Lowell et al. [6] analysed the subcellular localization of Delta1 in keratinocytes by immunocytochemistry. They found that Delta1 and Delta T appear localized at the points of cell-cell contact and partially col-ocalize with desmoplakin, which marks desmosomal junctions. The Delta1 pattern is complementary to that of E-cadherin, which is found in the adherens junctions. When they cultured keratinocytes in a low-calcium medium, they found that the localization of E-cadherin and desmoplakin to junctions was abolished, in agreement with the established calcium dependence of these adhesive molecules. In contrast, Delta1 expression is not affected in these cultures, in contradiction to the proposed role of Delta as a calcium-dependent adhesion molecule [16] . But when the distribution of overexpressed Delta1 protein was examined in the keratinocyte mixing experiments, it was found to localize only at the cell contact points between Delta1-expressing cells, as would be expected for a homophilic cell adhesion molecule.
Intriguingly, when a wild-type keratinocyte which does not express Delta1 was surrounded by Delta1-overexpressing keratinocytes, no Delta1 expression was seen at the contacts between the expressing and non-expressing cells. This observation may seem paradoxical, as Delta1 clearly has an effect on the colony-forming ability of the wild-type cells in this context, even though it is not detected at the contact points between these cells. But Delta1 expression was detected in the lysosomal compartment of the wild-type cells, suggesting that Delta1 is internalized from the infected cells by the wild-type cells by trans-endocytosis. There is published evidence [19] that, during Notch signalling, the signalling cell endocytoses the extracellular domain of Notch and the receiving cell, as shown by Lowell et al. [6] , internalizes ligand provided in trans. The functional significance of this transendocytosis is not clearly understood, although elegant models have been proposed in which it plays an important integrative role in Notch signalling [19] .
Lowell et al. [6] noted that the clones of keratinocytes expressing Delta1 and with Delta T each exhibit a strikingly different cellular organization. Moreover, when examining the shape of the colonies, they found that the keratinocytes in the Delta1-expressing colonies displayed a regular epithelial arrangement, whereas those of the Delta T -expressing colonies appeared much more scattered. As the only difference between the two proteins is the lack of the intracytoplasmic domain in Delta T , the implication is that this domain has an important role in regulating the adhesive role of Delta and in promoting the epithelial organization of the tissue. This role of the Notch-Delta interaction appears to be independent of the one exerted on the control of differentiation, for which only the extracellular domain is required. Interestingly, similar observations have been reported for the Eph receptors and their transmembrane ligands [20] . Intermingling between two fields of cells is prevented if one of the two fields expresses an Eph receptor and the other expresses its ligand. The intracytoplasmic domains of the Eph receptor and ligand were shown to have an important role in controlling this cell sorting behaviour.
The results reported by Lowell et al. [6] are consistent with the idea that the Notch pathway can be used in a variety of developmental decisions with different outputs, depending upon the cellular context. Furthermore, they have provided clear supporting evidence that Delta ligand has additional roles, blocking Notch signalling in a cellautonomous fashion and helping to maintain the cohesion of cell clusters expressing this molecule. These two functions are apparently assumed, respectively, by the extracellular and the intracellular domains of the Delta ligand. Although we have no hints about the molecular mechanisms underlying these two functions, there is no doubt that these will be the next questions to be addressed in the near future.
